environments is presented in this paper. The sensor can be beneficial as a single package to characterize multiple stress and strain modes simultaneously on materials and components during engine development and validation• A major technical challenge is to take existing individual gauge designs and modify them into one integrated thin fihn sensor.
Ultimately, the goal is to develop the ability to deposit the sensors directly onto internal engine parts or on a small thin substrate that can be attached to engine components. Several prototype sensors constructed of platinum, platinum-rhodium alloy, and alumina on constant-strain alumina beams have been built and bench-tested. The technical challenges of the design, construction, and testing are discussed.
Data from the preliminary testing of the sensor array is presented.
The future direction for the sensor development is discussed as well.
GOALS
To meet the needs of aeronautic and aerospace research for measurement of high stress and heat loading on critical system components, NASA Glenn Research Center has been pursuing thin film physical sensor development. 
The measured fractional change in the voltage drop is proportional to the strain seen on the leg by a gauge factor (Gf):
V34* Gf
The rosette geometry provides the ability to measure the strain angle and magnitude from these measurements:
From the apparent strain (eapp) and the temperature coefficient of resistance (a) for the material used to make the rosette, the temperature change (AT) of the sensor can be found as well:
AT -e app * Gf (5)
Ot
These equations for rosette gauges is utilized to give strain magnitude and direction, but with half of the lead wires required for a standard rosette gauge.
Also. by measuring the resistance change in the gauge under high current conditions, the sensor can be calibrated for flow measurement as an anemometer.
A palladium-13 %chromium alloy (Pd 13Cr) was originally chosen as a strain gauge material due to the extensive work with this alloy that was pursued at NASA Glenn Research Center. 4-7 However, this alloy is limited to temperatures under 1100°C for strain applications. 8 To meet the goal for the sensor to exceed 1000°C, the strain gauge metal was changed to platinum, which is not as susceptible to oxidation and physical changes at high temperatures.
NASA/TM--2001-211075
The determination of heat flux and temperature is accomplished by utilizing a microfabricated thinfilm heat flux gauge developed at NASAGlennResearch Center. _'_ Thethinfilm heat flux gauge is a thermopile type,circularwith two thickness of ceramic insulator, as shown in negative sideof thethermopile, a twometal process was developed fordepositing thethinfilmsensor.
The first prototype sensor wasdeposited with 1 micronof platinumandthe second with 1.2microns ofplatinum. Thesensors were patterned by using a lift-off process involvinga copper sacrificial layer to attainpreciseline widthsin platinum, l°A diagram of theprocedure is shown in Figure 6 .
Thefirstprototype sensor didnothavethe Ptl3Rhpatterned, andwasused to demonstrate the triangular strain gauge asdesigned tobeincorporated intothemultifunction gauge. Thesecond prototype wasdeposited with1 micron of Ptl3Rhto complete theheat flux sensor. Thesecond prototype wasthen coated with0.3micronof alumina, withanother 5 microns deposited on the center of the heatflux gauge. 
TESTING
The three sensors were tested for response to strain, flow and heat at the Instrument Research Laboratory at NASA Glenn Research Center to validate the multifunction gauge design before testing in an engine-type environment.
The proof-of-concept sensor was tested for strain response, the first prototype sensor was tested for strain and flow response, and the second prototype sensor was tested for strain and heat response. The environment was limited to ambient bench-top conditions in these tests.
Strain
The sensors were tested for strain response on a Dynamic Load Test Rig, as shown in Figure 7 .
A constant current source supplied the excitation current to the sensors, and the signals were filtered and then amplified before being collected by a computer.
The maximum strain on the sensors was measured to be 230 microstrain (/ae) based on displacement measurements on a beam in the rig and measurements using a commercial strain gauge mounted on a similar constant-strain alumina beam. Considering that the gaugefactor for platinum wireof thesizeof our traces is 4.00) 1 the sensors responded well to our bench testing. The proof-of-concept gauge gave a gauge factor close to this wire value.
The gauge factor of the first prototype sensor was between 2.8-3.1, considerably lower than the expected value. The 1200 f2 resistance also was considerably different than the 360 f2 expected, which may suggest impurities in the material for that sensor. The second prototype sensor's 480 if2 resistance was as expected, and the gauge factor of between 3.6-3.7 was very close to the wire value. These deviations of the gauge factor may be explained by noting that our film is fixed to the surface of the testing beam along its entire length, unlike a wire, which will effect the deformation of the film when under strain.
The angle determined from the three-leg rosette strain gauge algorithm was also reasonable.
The proof-of-concept sensor was oriented to give a strain angle of 0% and the first and second prototype sensors were oriented at -30°. From these results, the orientation is accurate to +1°, and the measurements are accurate to ±1°. For these bench tests, a total accuracy better than ±3°is acceptable.
Flow
The flow response was investigated using the first prototype sensor and a cool air gun. The response to changes in the voltage across one leg was observed while air was blown transversely and longitudinally across the leg. Currents between 10 milliamps and 50 milliamps were used. The results are plotted in Figure 8 . Figure 8 , it is estimated that a 170 milliamp (35 Watt) current source would be needed to achieve longitudinal responses 5 times as great as the transverse response. Though this indicates that the multifunction gauge could be used to determine airflow, the exact incorporation using this high current with a low excitation current strain gauge remains unclear, as well as the resolution of transverse and longitudinal flows.
Hea._..._t
The second prototype sensor had a heat flux gauge integrated with a triangular strain gauge. The sensor on the alumina substrate was clamped to a metal shim, and then exposed to a heat gun blowing perpendicular to the surface. The resulting signal is shown in Figure 9 . Though the signal was not amplified or filtered, it was consistent with heat flux responses seen in gauges of the same design.I The signal reached a level shortly after the heat was applied.
When the heat gun is turned off, the heat flux became negative as the sensor is cooled from the ambient air currents above the sensor. Fi_F2Kure 9: Heat flux response on the second prototype sensor.
FUTURE TESTING AND CONCLUSIONS
The design of the multifunction sensor has been bench-tested on three test sensors. 
